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論文　内　容要　旨
Environmental problems and emerglng energy Crisis have spurred the development of altemative
energy systems and driven research to develop more e用cient and environmentally丘'iendly energy
technologleS. The desire to develop altemative energy sources, along with the ever-diminishing
fTossilfuel supply has resulted in a present push fbrfuel cell technology.
Solid oxide fuel cells (SOFCs) are solid-state electrochemical energy conversion devices that
directly convert chemical energy of afuel and an oxidant into electrical energy (and heat) without
involving the process or combustion, and have been regarded as one of the most promlSmg energy
systems in the future due to the high energy conversion effTICiency, low or zero pollution emission,
fuel nexibility, size and siting flexibility, and qulet operation. Conventional SOFCs uslng
yttria-stabilized zirconia (YSZ) as electrolyte, with Lal-xSrxMnO3-y (LSM) cathode and Ni-YSZ
anode, are required to operate at high temperatures (～1000 oC) in order to have a good efficiency
and high power denslty. However, high operatlng temperatures have resulted in many problems,
such as electrode sintering, interface difnlSion between electrolyte and electrodes, mechanical stress
and high cost, which affTect the commercialization of SOFCs. Therefわre, it is desirable to lower the
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Operatlng temperature tO enhance the long-term perfTormance stability and reduce the cost. However,
low operating temperatures of SOFC result in the increase or electrolyte resistance and high
electrode ove叩Otential, which reduce the electrochemical perfわrmance of SOFCs. In order to lower
the operatlng temperature or SOFCs while keeplng their electrochemical perfわrmance, the
following approaches are normally adopted･･ applying altemative electrolyte materials that have
higher ionic conductivity at lower temperatures, reducing the thickness of electrolyte and improving
the electrochemical perfわrmance of electrodes.
Based on the above approaches, various researches have been done to develop lnte-ediate-low
temperature SOFCs･ At present, there are a few researches fわr GDC electrolyte SOFCs with
electrical performance evaluation･ In these researches, there are some problems or limitations that
need to be solved in order to further improve the electrical performance of SOFCs at low operatlng
temperatures･ In order to develop anode-supported SOFCs with high electrical perfわrmance at low
operatlng temperature, the fbllowlng approaches are adopted in this study: improvlng
microstructure ofelectrodes by nanopowders and preparing thin GDC electrolyte films･
In this study, the fabrication and evaluation of low-temperature anode-supported SOFC with thin
film GDC electrolyte are investigated･ The objective of this study is to improve the electrochemical
perfわrmance or anode-supported SOFCs at low operatlng temperature･ Thus, the outline of each
chapter in the present study is shown as fわllows.
In chapter 1, the introduction tofuel cells is glVen, followed by a literature review on SOFC. The
objective of this study is also described in chapter I.
In chapter 2, the synthesis of electrode powder materials (NiO-GDC nanocomposite powders and
LSCF nanopowders) is investigated･ The NiO-GDC nanopowders are synthesized by chemical
preclpltation method and mechanical mixlng method･ The crystal phase, mo叩hology, particle sizes
and element distribution of the synthesized NiO-GDC nanopowders are then characterized. Results
show that the homogenous NiO-GDC nanocomposite powders with average particle size in the
range of 8140 nm have been successfully synthesized by the chemical precIPltation method. The
synthesized NiO-GDC nanocomposite powders show unifわrm distribution of Ni and GDC in
nano-scale.
The LSCF powders are synthesized by citric acid gel combustion method and solid state reaction
method･ Results show that the LSCF nanopowders with single perovskite phase have been
successfully synthesized by the citric acid gel combustion method･ The LSCF nanopowders
synthesized at 700 0C have an average particle size ofless than 30 nm and high specific surface area
of 25･65 m2/g, which will provide high sinterlng aCtivlty and more potential TPB･
In chapter 3, the preparation of GDC electrolyte thin films on porous anode substrates is
investlgated･ Three film techniques, dry co-presslng method, spray dry c0-pressing method and
spray coatlng method, are developed to prepare GDC electrolyte films with diffTerent thickness. The
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microstructure and gas tightness of the prepared GDC electrolyte thin films are examined. Results
show that gas-tight GDC electrolyte thin films with the thickness of 0.5-75 Llm are Successfully
fabricated on porous NiO-GDC substrates by the dry co-presslng method, spray dry co-presslng
method and spray coating method. The GDC electrolyte thin films are well adhered to the porous
NiO-GDC substrates. There are no cracks and delamination observed. The spray dry co-presslng
method is the optimum method to prepare electrolyte thin films on porous substrates. The prepared
electrolyte thin films have uniform thickness and the thickness can be controlled easily by changing
the number of spray-coatlng layers. The dry co-presslng method is suitable to prepare relatively
thick electrolyte films with the thickness of larger than 30トIm. The spray coating method is an
effective method to prepare relatively thin electrolyte films with the thickness of less than 1 Llm at
relatively low temperatures.
In chapter 4, the effTect of microstructure of electrodes (anode and cathode) On electrical
perfわrmance of anode-supported single cells is examined. In order to obtain different anode
microstmcture, two types of NiO-GDC nanopowders prepared by preclpltation method and
mechanical mixlng method are used to fabricate anode-supported single cells. The anode
microstructure and electrical performance of anode-supported single cells are investlgated･ Results
show that anode-supported single cellwith Ni-GDC anode fabricated by the precIPltation method
shows higher power denslty than anode-supported single cell with Ni-GDC anode fTabricated by the
mechanical mixlng method, which is attributed to improved anode microstructure･ Anode fabricated
by the preclpltation method has unifb- microstmcture due to the unifわrm distribution of Ni and
GDC, which results in larger length of TPB and increases obviously electrochemical reaction･
Therefわre, the anode microstructure affects strongly electrical perfわrmance of anode-supported
SOFCs.
LSCF nanoparticles synthesized by the citric acid gel combustion method are used to investlgate
the effTect of cathode microstructure on electrical perfわrmance of anode-supported single cells.
DiffTerent microstructures of cathodes are obtained by changlng the sinterlng temperature Of LSCF
cathodes. The microstructure and electrical perfわrmance of anode-supported single cells are
investlgated. Results show that lowerlng Sinterlng temperature Of LSCF cathodes decreases
obviously grain size of LSCF and results in a nanoscale microstructure. Single cell with the LSCF
cathode sintered at 700 0C shows the highest power denslty ln the slngle cells with the LSCF
cathodes sintered at 700-1 1 00 oC, which is attributed to the nanoscale microstmcture. Therefわre, the
electrical perfわrmance of anode-supported SOFCs depends strongly on the cathode microstructure･
In chapter 5, in order to investigate the effect of thickness of GDC electrolyte on electrical
perfわrmance of anode-supported single cells, the anode-supported single cells with the GDC
electrolyte thin films of different thickness are fabricated by the dry co-pressing method, spray dry
c0-presslng method and spray coatlng method･ The electrical perfわrmance of anode-supported
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single cells with the GDC electrolyte thin films prepared by the dry co-pressing method, spray dry
co-pressing method and spray coating method is evaluated. Results show that the GDC electrol舛e
thin films prepared the dry co-presslng method, spray dry c0-presslng method and spray coatlng
method can be used as electrolytes fわr anode-supported SOFCs and good electrical performance is
obtained by the use of the GDC electrolyte thin films･
The effTect of thickness of GDC electrolyte thin films on electrical performance of
anode-supported single cells is then discussed in detail･ Results show that reducing the thickness of
GDC electrolyte thin films can improve obviously the power density of anode-supported single cell･
With reducing the thickness of GDC electrolyte thin films, anode-supported single cell with 4 Llm
GDC electrolyte thin film shows the highest power density･When the thickness of GDC electrolyte
thin film is less than 4 Llm, the electron nux through GDC electrolyte thin film increases quickly
with the decrease in the thickness of GDC electrolyte thin film, and thus further reduction in the
thickness of GDC electrolyte thin film is not helpful for improving electrical perfわrmance of
anode-supported single cell.
Thus, based on this study, anode-supported SOFCs with high electrical perfわrmance at low
operatlng temperature Can be developed･
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論文審査結果の要旨
固体酸化物燃料電池(SOFC)を実用化する上で,機械的信頼性の確保が現在の最重要課題であるとされている.
セラミックス系電解質のイオン導電特性さらに高効率発電の観点から, SOFCの運転温度は比較的高温域(800℃
-1000℃)が想定されている.作動温度の低温化が図られれば, soFCシステム構造要素における材料選択肢を
拡大できることに加えて,構成材料の信頼性向上に極めて有効であることが期待される.低温化のためには電
極の高効率化や電解質の薄膜化が有効である.本論文は,作動温度の低減を図ることを目的として10m01%の
Gd20:,を固溶したCeO2 (以降, GⅨ二と略記)を電解質とするアノード支持型soFCを対象とし,電極の微細化な
らびに電解質の薄膜化により発電性能を向上させるための実験的検討を行い,それらの結果を纏めたもので全
編6章よりなる.
第1章は序論であり,本研究の背景を述べている.
第2章では,電極の微細化を目的に,アノード材料としてNiOぺK (NiO:GI℃=60:40 mass%)を対象とし,
硝酸塩を出発原料とする沈殿法により作製した複合粉を用いることにより,機械的混合法によるものより均質
で微細なアノードを形成できることを示している.その粒子径の範囲は5-40mであった.また,カソード材料
として(La,Sr) (Co,Fe)0こう(以降, LSCFと略記)を対象とし,クエン酸ゲル燃焼法に基づく合成法により,固相
反芯法によるものに比較して格段に小さい粒子径(約30nm)からなるカソードを作製できることを示してい
る.
第3章では,第2章で記載した親戚を有するアノード基板上に,異なる方法を用いて厚さが0. 5-75 ･ mの範
囲のGⅨ二電解質を共焼結により作製するとともに,その特性を評価している.スプレー法に基づく比較的簡易
な方法を開発することにより0.5-30 ･ m厚さの電解質を,粉末プレス法を応用した方法を用いて5-75 ･ m厚
さの電解質を作製し,いずれの厚みの範囲においてもほぼ均一な厚さでかつ相対密度が98%以上の赦密な電解
質を,多孔質であるアノード基板上に成膜することに成功している.作製時のアノードの相対密度は約78%で
ある.以上の成果は,有用で簡易な電極の薄膜化法を提供するものである.
第4章では,電極の微細組織が発電特性に及ぼす影響を調べている.上述した組成を有する電極および電解
質からなる円形平板形の単セルを作製し,電気化学特性評価試験から得られた電流値と3相界面長さとの相関
関係を検討することにより,アノードにおいては特に混合粉の均質化によって,カソードにおいては微粒子化
と焼結温度の低減によって電極の微細化が図られ, 3相界面長さを増加させることにより発電性能を向上でき
ていることを示している.加えて,電気化学特性評価試験の結果に基づき,本研究で開発した電極および電解
質の作製方法により,良好な密着特性を有する電極/電解質界面を形成できることを示している.
第5章では,構成要素について個別に作製･特性評価に関する検討を行った前章までの結果を踏まえて, GtX;
を電解質, NiOIDCをアノード, LSCFをカソードとする単セルの発電特性に及ぼす電解質厚さの影響について
調べている.発電出力は,電解質の厚さを小さくするほど増大するものの,約5 ･ mの厚さでピーク値を示し
た後,さらに薄膜化を図ったとしても発電出力は低下することを明らかにし,最適の電解質厚さがあることを
実験的に明らかにしている.電解質を薄膜化しても発電出力が低下する結果は,混合導電に基づく理論的解析
を行うことにより,電子導電の影響が相対的に大きくなったためであることを示唆している.この知見は,電
解質の薄膜化に関して,重要な知見を提供するものである.
第6章は結論である.
以上要するに本論文は,セリア系セラミックスを電解質とするアノード支持型soFCを対象とし,作動温度低
減のための作製法の提案ならびに電解質薄膜化の厚さ条件について有用な知見を提供するものであり.環境科
学ならびに材料工学の発展に寄与するところが少なくない.
よって,本論文は博士(学術)の学位論文として合格と認める.
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